r: 



APPLICATION 



FOR 



UNITED STATES LETTERS PATENT 



CII FOR 
if] 

m 
o 

zz. 

Lai 

Q 



DATA DEFINITION LANGUAGE 

Claiming Priority of Great Britain 
Application No. 01 06 408.8 filed March 15, 2001 



BY 



H Carl DIONNE 

and 

Martin LAVOIE 



James C. Wray, Reg. No. 22,693 
Meera P. Narasimhan, Reg. No. 40,252 
1493 Chain Bridge Road 
Suite 300 

McLean, Virginia 22101 
Tel: (703) 442-4800 
Fax: (703) 448-7397 



16. MAR. 2001 18=04 ATKINSON BURRINGTON NO. 467 P. 3/59 

201O-P1Q4-US 



1 

Data D finltion Languag 
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1. Field of the Invention 
5 [0001] The present invention relates to a method of describing data to 

be shared by a plurality of network- connected terminals over a network, 
within a set of program instructions. 

2. Description of the Related Art 
10 [0002] Methods to describe data or objects within program instructions 

^ executable by terminals equipped with processing means are well known. 
The development of higher-level programming languages (HLPLs) such as C 

— -4 

! %3 or C++, has lead to an increased efficiency of processor usage for any given 

W 

C:| application programmed with this type of language, and also resulted m 

15 productivity improvements in terms of application development Indeed, an 

H additional benefit of said HLPLs, also known as object-oriented 
programming, is the ability for programmers to develop reusable software 



□ 



f ri 



: components, or portions of a set of programming instructions. 



20 [0003] With electronic communication in leisure or business activities 
becoming increasingly important, most programs utilised within the scope of 
those activities are today required to share objects over networks, such as 
local area networks or the Internet. In this context, object-oriented 
programming traditionally resorts to message-based networking solutions, 

25 wherein programmers implement program instructions pertinent to the 
passing of packets of data between network sockets according to various 
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internet protocols. The implementation of the object sharing portion of 
instructions within a set of program instructions is traditionally fairly expensive 
as much development time is spent writing said networking instructions in 
order for those to accurately manage the sharing of existing classes of 
5 objects, which are usually implemented at first within said program 
instructions set for local processing. 



[0004] The implementation of networking instructions requires extensive 
further testing of the functionality of the overall program over networks prior to 
10 commercial release in addition to the initial testing of the program instructions 

C3 for programming faults, which is traditionally executed locally. Said expenses 

\l) 

rq are further compounded by the number of independent types of user 

;« terminal, or 'platforms', a program developer wishes to publish its program 

^ instructions for, as said platforms traditionally require specifically-adapted 

v :i 15 instantiations of the same instructions set and thus artificially increase the 



CI) 



development time and resources required to generate the executable 



ui instructions set 



n 

[0005] The present invention provides a higheMevel programming 
20 language (HLPL) easily comprehensible by those skilled in the art, which 
describes objects to be shared by network-connected terminals at the onset 
of the writing of a set of program instructions, wherein network instructions 
are embedded within the object classes and thus do not require additional 
network-specific instructions to be implemented within the main program 
25 instructions set. This solution facilitates testing of the overall program over 
networks throughout the development of the project instead of said testing 
being carried out at the end. The platform-independent characteristic of the 
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HLPL according to the invention further reduces the financial overhead 
generated by a multiple-platform commercial release, as the objects to be 
shared need be described according to said HLPL only once. 

Brief Summary of the Invention 

[0006] According to a first aspect of the present invention, there Is 
provided an apparatus comprising visual display means, processing means, 
storage means and memory means, wherein said memory means is 
configured to store program instructions for describing objects to be shared 
over a network by a plurality of network-connected terminals by means of 
ASCII instructions and for the compiling thereof within an instructions set 
executable by said network-connected terminals. Each of said network- 
connected terminals is equipped with visual display means, processing 
means, storage means and memory means, wherein said memory means is 
configured to store said executable instructions set and said processing 
means is configured by said executable instructions to manage the 
duplication of said described objects. 

[0007] According to a second aspect of the present invention, there is 
provided a method of describing objects to be shared by a plurality of 
network-connected terminals over a network within an instructions set 
executable by said network-connected terminals, wherein each of said 
network-connected terminals is equipped with visual display means, 
processing means, storage means and memory means, wherein said 
memory means is configured to store said executable instructions set and 
said processing means is configured by said executable instructions to 
manage the duplication of said described objects. 
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Brief Description of the Several Views of the Drawings 
[0008] Figure 1 illustrates a known approach to generating an 
instructions set executable by a user terminal equipped with processing 
5 means, including network-specific instructions for sharing objects; 

[0009] Figure 2 shows an improved method for generating an 
instructions set executable by a user terminal equipped with processing 
means, Including network-specific instructions for sharing objects, according 
to the invention; 

10 [0010] Figure 3 shows a user terminal for generating an instructions set 
shown in Figure 2; 

fjj [0011] Figure 4 details hardware components of the user terminal 

ul shown in Figure 3, including a memory; 

id 

q [0012] Figure 5 details contents of the memory shown in Figure 4 % 

vj 15 including files containing higher-level programming language libraries, a 

u pre-compiler, a compiler and files shown in Figure 2; 

Ci [0013] Figure 6 details operations for generating an instructions set 

:!: executable by a user terminal equipped with processing means, including 

U 

H network-specific instructions for sharing objects, shown in Figure 2 according 

20 to the Invention; 

[0014] Figure 7 shows a graphical user interface for generating an 
instructions set displayed on visual display unit shown in Figure 3; 
[0015] Figure 8 illustrates the ASCII contents of a DDL file and the 
ASCII contents of a DDF file shown in Figures 2 and 6; 

25 [0016] Figure 9 provides a graphical representation of the source and 
header files generated by the DDL compiler shown in Figures 2 and 6; 
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[0017] F/gure 10 provides a graphical representation of th principle of 
class inheritance according to the invention; 

[0018] Figure 11 provides a graphical representation of the relationship 
between object classes and dataset classes shown in Figure 10\ 
5 [0019] Figure 12 Illustrates the ASCII contents of a user- implemented 
source file declaring local methods shown in Figures 1, 2 and 6; 
[0020] Figure 13 illustrates the ASCII contents of a user- implemented 
source file declaring application instructions 102 shown in Figures 2 and 6; 
[0021] Figure 14 shows a graphical user interface of the executable 
10 instructions set shown in Figures 2 and 6\ 

[0022] Figure 15 illustrates a network environment, including user 



^ terminals equipped with processing means and sharing objects generated by 

the executable instruction set shown in Figures 2 and 6 over said network 
p{ environment; 

- is [0023] Figure 16 details contents of the memory of each user terminal 

e 

C3 shown in Figure 15, including the executable instructions set shown in 



l.l Figures 2 and 6; 

[0024] Figure 17 shows the respective visual display unit of each user 
terminal shown in Figure 15 and displaying the GUI of the executable 
20 instructions sets shown in Figure 14. 

Be st M odo f or Carrying Out tho Invontkw 

[0025] The invention will now be described by way of example only 
with reference to the previously identified drawings. 



25 



[0026] Users share objects over networks according to instruction sets 
executed by their respective terminals. Said instruction sets are commonly 
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referred to as programs and are traditionally generated by programmers as 
a solution to particular requirements expressed by said users in terms of 
terminal functionality. An approach to generating such an instruction set 
executable by a user terminal equipped with processing means, including 
5 network-specific instructions for sharing objects, according to the prior art is 
shown in Figure 1. 



[0027] It was previously explained that a preferred programming 
language used by those skilled in the art in order to write an instruction set 
10 is a higher level programming language, such as C++. Accordingly, much 
C| like any other programming language, C++ has declaration rules, 

0 structuring rules and specific terminology which must all be adhered to by a 

programmer developing a program. According to object-oriented 
^ programming, a program is first defined in terms of the objects to be used 

v*) 15 and their purpose, ie operations performed on an object or operations 

3 

p performed by an object. For instance, a 'File' object within a file 

UJ 



□ 



management program includes functions, known as member functions, 



£? ! such as copying, deleting or renaming. Similarly, said 'File' object includes 

c:i 

: u variables, known as member variables such as name, size and date. 

20 

[0028] Within this context, an object class provides a template which 
defines such member functions and member variables required by the class 
type, and an object is thus an Instantiation, or a specific example of a class, 
i.e. essentially an object variable, The class must therefore be defined 
25 before an object is declared by the programmer, so that instantiations of a 
class can 'inherit 1 the member functions and variables of the class. In the 
above example, said 'File' object class would be defined by the 
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programmer which includes all of the member functions and member 
variables detailed thereabove. Objects inheriting from said 'File' object 
class would be for instance a 'text file* object or a 'bitmap file* object 

5 Figure 1 

[0029] Object classes and datasets 101 are therefore traditionally 
implemented first when a program is being written. Said implementation 
consists of inputting strings of ASCII characters in accordance with the 
10 rules and syntax of the particular programming language used. The 
application instructions 102 are implemented next and contain the 
Uj programming steps required for the program to execute operations on the 

% n previously implemented objects, or the programming steps required by said 

fi! objects to perform said operations, i.e. the member functions. The ASCII 



□ 



3 

CIS 



15 files generated by the above operations are known as 'source' files. 



y s [0030] Upon completing the Implementation of object classes, objects 

0' and functions, the totality of the instructions code written in ASCII 

O 

u characters are compiled by a C++ compiler 103, the function of which is 

20 essentially to translate strings of ASCII-written instructions, known as 
declarations to those skilled in the art, into binary code understandable by a 
processor. Compiler 103 generates a binary file known as an object file, 
which is not directly executable as its contents are not complete: a C++ 
compiler includes functions which rapidly execute the most frequent 
25 operations and thus reduce the number of instructions to write within a 
program. Said functions are traditionally declared in 'header" files which are 
themselves stored in a library, such as library 105. Thus, once the compiler 
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103 has generated an object file, a linker 104 combines the instructions 
within the object file with the functions provided by the compiler itself such 
that an executable instruction set 106 is eventually obtained. 

5 [0031 J According to the prior art, in order to Implement networking 
instructions 107, a programmer traditionally completes the entire chain of 
above operations until executable code 106 is obtained and, after extensive 
testing has been carried out, the program can be executed locally in a 
stable fashion. The amount of programming time and subsequent testing 
10 necessary to implement networking instructions 107 is then directly 
^ proportional to the extent of the required 'backtracking 1 (108 r 109) within 

m the declarations of the object classes, objects and the application 

5) instructions. Even if the object classes and datasets 101 and application 

}!{ instructions 102 do not require a complete re-writing, the amount of 

*£i 15 additional declarations required for the executable code to perform its 

q functions over a network in a stable fashion is traditionally fairly extensive, 

h; as multiple instantiations of the compiling and linking operations must be 

Cn performed in order to produce a workable version of the program, to test 

i s < s said program as part of an optimisation process and to modify the 

20 networking-specific instructions further and further within said optimisation 
process. 

[0032] An improved approach to generating an instruction set 
executable by a user terminal equipped with processing means, including 
25 network-specific instructions for sharing objects, according to the invention 
is shown in Figure 2. 



16. MGR. 2081 18 = 07 ATKINSON BURR I NGTON NO. 467 P. 11/59 

2010-P1044JS 



Figure 2 

[0033] Whereas networking instructions are implemented at the outset 
5 of the development of a program according to the prior art and consist of 
specific declarations pertaining to the management of the distribution of 
objects and their modifications by member functions over a network, wherein 
the original object classes, objects, member functions and member variables 
must be accordingly amended, the present invention provides a higher level 
10 programming language, known as the Data Definition Language, which 

& embeds networking instructions within the object classes themselves at the 

Mi 

W onset of the development of a program. 



u 



y [0034] In accordance with program development procedures known to 

%S 15 thosB skilled in the art, object classes and datasets are implemented first 

when a program is being written according to the present invention. Said 
object classes and datasets are written and stored in one or a plurality of 
CF l object class definition files 201, which are abbreviated as DDL files. 

a 

I* Subsequently to the implementation of the DDL files 201 a corresponding 

20 object class description file 202 is implemented, which is abbreviated as DDF 
file. The Data Definition Language, like other object oriented programming 
languages, also has declaration rules and specific terminology. 



Mi 



[0035] Upon completing the writing of the DDL files 201 and the DDF file 
25 202 whilst complying with the rules and syntax of the Data Definition 
Language according to the invention, both of said DDL files and DDF file are 
compiled by a DDL compiler 203. The function of said DDL compiler 203 is 
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similar to the function of the C++ compiler 103, in that it generates C++ 
classes corresponding to the declarations contained within the DDL files, 
such that said C++ classes can then be understood and compiled by C++ 
compiler 103 in order to generate the object file and then the executable 
5 instructions set. Said C++ classes generated by me DDL compiler 203 
include duplicated object class DOCLASS 204 and dataset class DATASET 
205. 

i 

I 

I [0036] In both Instances, the DDL compiler 203 generates the 

I 10 appropriate source files and header files, such that the programmer can 

□ implement programmer-defined classes 206 which will inherit from the 

s.! * 

til classes 204, 205. The function of said user implemented classes 206 is to 

implement any local variables or methods which are not distributed, as they 

hi constitute local information which is irrelevant to a remote terminal. 

J 15 Subsequently to the implementation of user defined classes 206, application 

instructions 102 are implemented in accordance with the methods declared in 

ill all of the source files previously generated. The C++ compiler 103 then 

H 

m compiles all the source files 204, 205, 206 and 102 into binary code and the 

p linker 104 subsequently associates the generated object file with C++ library 

20 105 and Data Definition Language library 207. The function of library 207 is 
identical to the function of library 105 but its contents, ie functions which 
rapidly execute the most frequent operations, include mostly functions 
dedicated to the duplication, I.e. distribution, of objects over networks. 



25 



[0037] Any iteration of the executable instructions set 208 generated by 
the linking operation performed by the linker 104 therefore includes 
networking instructions, such as networking instructions 107, as the classes 
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204, 205 generated by the DDL compiler 203 encapsulate al! of the required 
network code. Thus, any application or program which requires the sharing of 
its object over networks and is implemented according to the invention can 
be easily prototyped, as its executable instruction set includes classes 204, 
205 from the onset and testing of sgid executable instruction set over 
networks can thus also be carried out from the onset. 

[0038] A computer programming system for generating the instructions 
set 208 is shown in Figure 3. 

Figure 3 

[0039] A programmer 301 , is shown who primarily uses a programmable 

C£i computer 302, having a drive 303 for receiving CD-ROMS 304 and writing to 

hi 

. p CD-RAMS 305 and a drive 306, for receiving high capacity magnetic disks 

15 such as zip disks 307, According to the present invention, computer 302 may 

Q receive program instructions via an appropriate CD-ROM 304 or instructions 

i za sets may be written to a re-writable CD-RAM 305 and said program 

J!) instructions may be received from or said instructions set may be written to a 

P 

h zip disk 307 by means of drive 306. Input ASCII characters or output 

20 instructions set. whether executed or not are displayed on a visual display 
unit 308 and said manual input is received via a keyboard 309 and a mouse 

310. Data may also be transmitted and received over a local area network 

311, or the Internet by means of modem connection 312. 



10 



25 



[0040] The components of computer programmer system 302 are 
detailed in Figure 4, 
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Figure 4 

[0041] A central processing unit 401 fetches and executes instructions 
and manipulates data. Frequently accessed instructions and data are stored 
5 in a high-speed cache memory 402. Said central processing unit 401 is 
connected to a system bus 403. System bus 403 provides connectivity with a 
larger main memory 404, which requires significantly more time for the CPU 
to access than the cache 402. The main memory 404 contains between sixty- 
four and two hundred and fifty-six megabytes of dynamic random access 
10 memory. A hard disk drive (HDD) 405 provides non-volatile bulk storage of 
J:; instructions and data. A graphics card 406 receives graphics data from the 

CPU 401. along with graphics instructions and supplies graphical data to 
US visual display unit 308. The I/O device 407 or universal serial bus 408 receive 

pj input commands from keyboard 309 and mouse 310. Zip drive 30S is 

*° 15 primarily provided for the transfer of data, such as sets of ASCII characters 

CII corresponding to C++ declarations, and CD-ROM drive 303 is provided for 

the loading of new executable instructions to the hard disk drive 405 and the 
storing of compiled and linked executable instructions sets. A network card 
409 provides connectivity to the local area network 311 and a modem 410 
20 provides connectivity to the Internet via a telephone connection to the 
programmer's internet service provider The equipment shown in Figure 4 
constitutes a personal computer of fairly standard type, such as an IBM 
compatible PC or Apple Macintosh. 



frt 



25 



[0042] A summary of the contents of the main memory 404 of the 
computer programming system 302 is shown in Figure 5, as subsequently to 
the loading of Instructions required to generate an executable instructions 
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set. 



FigunS 

[0043] Main memory 404 includes primarily an operating system 501, 
5 which is preferably Microsoft Windows 2000 or LINUX as said operating 
systems are considered by as those skilled in the art to be particularly stable 
when using computationally intensive applications. Main memory 404 also 
includes a programming application 502. which provides programmer 301 
with means with which to visualise ASCII characters inputted by means of 
10 keyboard 309 and display said ASCII input onto visual display unit 308. 
Jlj Programming application 502 also includes a linker, such as linker 104. in 

CO order to associate the object files which will be generated and the libraries 

2) which will be detailed further below and identity and subsequently display 

Pi linking errors. Main memory 404 includes a DDL compiler 203 according to 

is the invention, a C++ compiler 103 and their respective instructions libraries, 
DDL library 207 and C++ library 105. Main memory 404 finally includes ASCII 
files such as DDF files 201 according to the invention, a DDF file 202 
[[] according to the invention and further user-defined files 206. 



20 [0044] The successive operations required to generate an executable 
instructions set including network specific instructions for sharing objects, 
according to the invention are detailed in Figure 6. 



Figure 6 

25 [0045] Upon activation of a computer programming system such as is 
detailed in Figure 3 at step 601, the programming application 502. DDL 
compiler 203, C++ compiler 103, DDL library 207 and C++ library 105 
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necessary for the generation of a program according to the invention are 
loaded from an external medium, such as CD-ROM 304, or zip disk 307 or 
downloaded from a network, such as LAN 311 or the Internet at step 602. 

s [0046] At step 603, the programmer operating computer programming 
system 302 implements object classes and datasets in DDL files 201 and the 
definition thereof in DDF file 202 by means of strings of ASCII characters 
inputted by means of keyboard 309 and/or mouse 310. Upon completing the 
inputting action of step 603. the DDL files and the DDF file generated are 
10 compiled with the DDL compiler 203 at step 604. At step 605, the 
°f| programmer 301 implements programmer-defined classes, such as user 

2 classes 206 and application Instructions 102 in a manner similar to the 

%P implementation of the DDL files and the DDF file. Upon completing the 

hi 

q inputting action of step 605 and once all of the necessary source files have 

Hl 15 been implemented, then said source files are compiled into an object file by 

Q the C++ compiler 103, at step 606. 

Is S 

W 

:•: [0047] The completion of the compilation operation of step 606 by 

H means of the linking operation executed by the linker 104 with DDL library 

20 207 and C++ library 105 results in the generation of an executable instruction 
set 208 at step 607. At step 608, said executable instruction set or program, 
is tested i.e., the executable instruction set is processed by CPU 401. In a 
preferred embodiment of the present invention, said testing operation of step 
608 is carried out simultaneously by a plurality of network connected 
25 terminals, such that the validity and accuracy of the object distribution 
functionality of said program can be assessed from the earliest generation of 
the executable instruction set. At step 609, the executable instruction set 208 
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is written to hard disk drive 405. or zip disk 307, or CD-RAM 305. Upon 
completing the writing operation of step 609, the computer programming 
system 302 can then be switched off at step 610. 



5 [0048] A representation summarising the operating environment 
generated from steps 601 and 602 is illustrated in Figure 7. 

Figure 7 

[0049] A graphical user interface (GUI) 701 fs presented to programmer 
10 301, generated by the operating system 501, by means of which selections 
may be made for particular tasks to be executed, i.e. applications such as 
W programming application S02 to be processed by CPU 401. Upon completing 

step 602 and instructing the computer programming system 302 to execute 
p the programming application 502, a GUI 702 is presented to programmer 

^ 15 301 , generated by the programming application instructions. Said instructions 

C;l provide for the instantiation of a visualising area 703, wherein strings of 

J)[ ASCII characters inputted by programmer 301 by means of keyboard 309 



and/or mouse 310, can be displayed. Part of the functionality of programming 



a 

H application 502 enables programmer 301 to utilise visualising area 703 as a 

20 text editor, wherein inputted strings of ASCII characters can be manipulated 
and edited for the purpose of completing steps 603 through to 607. 



[0050] According to the invention and following procedures familiar to 
those skilled in the art the object classes are first implemented in the DDL file 
25 201 at step 603. In a multi-user program, such as a multi-player game 
designed to involve network-connected players, or a more business 
orientated application such as an on-line transaction management program, 
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program objects need to be distributed across the network in rder for remote 
terminal users to interact with said objects. Object duplication Is the 
mechanism implemented by the Data Definition Language according to the 
Invention to achieve this function. Thus, the two most important object 
s classes which require implementation in said DDL file are the duplicated 
object class and the dataset class, which respectively define all the objects 
that belong to the application and require sharing and their related datasets. 
Said duplicated objects are declared using duplicate object classes. Thus, a 
duplicated object is an instance of a duplicated object class, and multiple 
10 instances of the same duplicated object class may be created. When 
O implementing object classes as duplicated object classes within DDL files, 

whenever an instance of a duplicated object class is created on a given 
networked terminal, copies of said instance will automatically be created on 
UJ all of the other remote terminals connected to the same network. The local 

C-i 

- t n 15 duplicated object is called the duplication master, while the others arc its 



m 
a 



duplicas. Co-pending United Kingdom patent application No. 00 26 095.0 of 

W the present Assignee may be usefully consulted for reference to a more 

y\ detailed description of duplicated objects and their functionality, which is not 

part of the present invention. 



ill 
t.i. 



20 



25 



[0051] A duplicated object class is declared in a DDL file and said 
declaration includes datasets and, if necessary, methods. An example of the 
ASCII contents of a DDL file and the ASCII contents of a DDF file according 
to the invention are respectively shown in Figure 8. 

Figure 8 
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[0052] In the example, programmer 301 is writing a program, the 
purpose of which is for each user operating a networked terminal to control a 
three-dimensional cube whilst being able to observe the respective three- 
dimensional cubes of the other users connected to the network. A DDL file 
5 801 is therefore created, which programmer 301 calls 'CubeAni.DDL'. Said 
DDL file 801 declares a duplicated object class 'GeoObject' 802 and a 
relevant declaration 803 pertaining to a dataset 'Position', which refers to a 
dataset class which will be implemented within the DDL file 801 at a later 
stage. Declarations 802 and 803 implement a duplicated object class 
10 'GeoObject' as a template for a geometrical object equipped with a three- 
& dimensional position. 

m 
□ 



[0053] Programmer 301 subsequently implements a duplicated object 
class 'Cube' 804 which is shown to refer to the 'GeoObjecf 802 as its 
15 inheritance class. A relevant declaration 805 is also implemented pertaining 
to a dataset 'CubeData', which refers to a dataset class which will be 
implemented within the DDL file 801 at a later stage. Declarations 804 and 
Cf I 805 implement a duplicated object class 'Cube' equipped with a 'CubeData' 

dataset and, as said duplicated abject class 'Cube' Inherits from the 
20 duplicated object class 'GeoObject* 802, said duplicated object class 'Cube' 
will also include the dataset Position' by means of declaration 803. 



hi 

Ui 
u 



[0054] Programmer 301 subsequently implements the dataset classes 
corresponding to dataset declarations 803 and 805 respectively. A dataset 
25 class 'Position' 806 is implemented, which includes dataset attributes 807 
that can be any number of any simple data types and, in the example, 
contains the variables X, Y and Z which give the three-dimensional location 
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of a cube. Programmer 301 also Implements a dataset class 'CubeData' 808. 
which includes a dataset attribute 809 that, in the example, is a Texture' 
variable that defines the appearance of a cube. 



5 [0055] As was previously detailed, the duplicated object class definition 
file (DDF) defines the duplicated object classes that belong to the application. 
Said DDF file also defines global application information, such as the 

i 

i application title, which is necessary as it is used to authenticate any 

i networked terminal which tries to join the distributed application. A DDF file 

i 10 811 is thus created with appropriate strings of ASCII characters to 

O correspond to the duplicated object classes declared in the DDL file 801 . The 

Ji DDF 811, which programmer 301 calls 'CubeAni.DDF'. provides an 

Jf! application title definition 812 and duplicated object classes definitions 813 

Ul and 814 relating respectively to the declaration of the duplicated object class 

l?) 15 'GeoObjecf 802 and the duplicated object class 'Cube' 804 within the DDL 

J=l file 801. Programmer 301 eventually completes the inputting of strings of 

ASCII characters required for the completion of the DDL file 801 and the DDF 

Cfi file 811 as according to step 603. 

p 

20 [0056] According to the invention, when the application built with the 
Data Definition Language is compiled, the DDL and DDF files are used by 
the DDL compiler 203 to generate the duplicated object classes and dataset 
classes and their respective and relevant source and header files in C++ 
programming language. A graphical representation of the C++ source and 

25 header files generated by the DDL compiler 203 according to the invention, is 
shown in Figure 9. 
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Figure 9 

[0057] At step 604, the 'CubeAnl.DDL* file 801 and the 'CubeAni.DDF 
file 811 are submitted to the DDL compiler 203 and the compiler then 
5 generates a variety of source and header files dependent upon the contents 
or the identity of the file submitted. 

j [0058] From the DDF file, the DDL compiler 203 generates C++ source 

I and header files with the file names 'DDF/f/e na/neDDF.cpp' and 

1 10 'DDF/J/enameDDF.h' respectively. For each duplicated object and dataset 

f;| declaration implemented in the DDL file, the compiler also generates the 

CO respective C++ DOCLASS and DATASET classes, along with their 

Si corresponding source and header file, with the names 'CfassiVameDDL.cpp' 

K and 'C/assAfameDDL.h'. Thus, in the example, a 'GeoObjectDDL.cpp' source 

15 file 901 and a 'GeoObjectDDLh' header file 902 are generated by the DDL 
u compiler 203 from the duplicated object class 'GeoObject' 802. Likewise, a 

"[ 'CubeDDL.cpp* source file 903 and a 'CubeDDL.h' header file 904 are 

0* generated from the duplicated object class 'Cube' 804; a 'PosWonDDL.cpp' 

M source file 905 and a 'PositionDDL.h' header file 906 are generated from the 

20 dataset class 'Position' 806; and a 'CubeDataDDLcpp' source file 907 and a 
'CubeDataDDLh' header file 90B are generated from the dataset class 
'CubeData' 808. Referring to the corresponding DDF file 811, which is named 
'CubeAni.DDF'. a 'DDLCubeAniDDLcpp' source file 909 and a 
'DDLCubeAniDDL.h' header file 910 are generated by the DDL compiler 203 
25 from said DDF file 81 1 . 
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[0059] As th application's duplicated object classes, corresponding 
datasets classes and remote methods have now been defined and declared 
in the Data Definition Language according to the invention, and subsequently 
been compiled according to step 604 thus made available as source and 

5 header files for inclusion directly in files written by means of the same 
programming application 502 according to the C++ programming language 
syntax, programmer 301 can now declare the application's object classes 
and methods in said C++ source files as said object classes and methods will 
Inherit from said duplicated object classes arid datasets classes according to 

10 the invention. The principle which governs said class inheritance is illustrated 



H in Figure 10. 

CO 
□ 

%ll Figure 10 



[0060] In Figure 6, it was detailed that the duplicated object class 'Cube' 
^ 15 804 referred to the duplicated object class 'GeoObject' 802 as its inheritance 

□ class, according to the DDL syntax: 



»[j doclass Cube : GeoObject 

20 This string of ASCII character declares that the duplicated object class "Cube* 
604 is an instantiation of the duplicated object class 'GeoObject 802 and, as 
such, it is to include all of the member variables and member functions (803) 
of the inheritance class (802), in addition to its own (805). 



25 



[0061] According to the invention, for every duplicated class and data 
set class specified in the DDL file 801 and defined in the DDF file 811, 
programmer 301 must implement a C++ class that inherits from the Data 
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Definition Language-generated class. Accordingly, when implementing user 
classes 206 in C++ source files using C++ programming language syntax, 
programmer 301 declares that the C++ class 'GeoObjecf 1001 inherits from 
the C++ class DOCLASS(GeoOb]ect) 901 and that the C++ class 'Cube' 
5 1002 inherits from the C++ class DOCLASS(Cube) 902. As it was 
established that the duplicated object class 'Cube' inherits from the 
duplicated object class 'GeoObjecf, and as said duplicated object class 
I 'GeoObjecf inherits from the root class "duplicated object: since it was 

} declared as not inheriting from another duplicated object class (802), then the 

i 10 C++ class 'Cube' 1002 eventually inherits from the root class 'duplicated 

□ object which is stored in the DDL library 207. Likewise, the C++ class 

'* 

Si 'position' 1003 is declared as inheriting from the C++ class 

DATASET(Position) 905 and thus eventually inherits from the root class 
w 'datasef, which is also stored in the data set library 207. 



a 

UJ 



15 



[0062] For duplicated objects, the C++ class generated by the DDL 
compiler encapsulates all of the network instructions, i.e. how to instantiate a 
Cri class and ensure that it is discovered on all remote networked terminals, how 

to ensure that when the variables of a duplicated object changes its duplicas 
20 are updated appropriately and how to remotely call duplicated objects 
methods if required. This situation requires that the user-implemented class 
which declares the data set variables in the C++ source file is made available 
when the duplicated object is instantiated. The relationship between 
duplicated objects and data set classes within the scope of the principle of 
25 inheritance instantiated by the present invention is illustrated in Figure 11. 



i 

l 
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Figure 11 

[0063] It was previously explained that the user-implemented C++ class 
'Cube* 1002 eventually inherits from the root class 'duplicated object" and that 
the user-Implemented C++ class 'Position' 1003 eventually inherits from the 
s root class 'datasef. According to the prior art. an object class/dataset 
relationship 1101 would be established by programmer 301 at the level of the 
C++ class 'GeoObjecf 1001 with the C++ class , Position , 1003 in order to 
update the position of the remote instantiations of said object and thus 
require extensive additional networking instructions, such as networking 
10 instructions 107. Similarly, the relationship 1102 which would be implemented 
according to the prior art by programmer 301 between C++ class 
Ci) DOCLASS(GeoObject) 901 and C++ class DATASET(Position) 905 would 

Jj) result in the exclusion of the portion of user classes 206 pertaining to the 

}=! dataset 'Position' 1003. 

^ 15 

C) [0064] The higher C++ duplicated object class 901 implemented 

H according to the invention already includes said networking code and 

J] relationships 1101 and 1 102 do not require implementing by programmer 301 

U= at all, since the DDL compiler 203 will implement the appropriate relationship 

20 1103 between the highest object class, which Is the C++ class 
DOCLASS(GeoObject) 901 and the lowest user-implemented C++ dataset 
class which is the dataset 'Position' 1003, such that code added in the user- 
implemented C++ classes is available when a duplicated object is 
instantiated by the application and changes in the dataset. i.e. position, are 
25 distributed to the remote instantiations of said object 
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100651 An example of the implementation of the abov principal of 
inheritance according to the invention is illustrated in Figure 12, wherein 
strings of ASCII characters are inputted by programmer 301 which declare 
user classes 206 as inheriting from DDL compiler-generated C++ duplicated 
5 objects and dataset classes. 



Figure 12 

[0066] In accordance with the structuring rules inherent to C++ 
programming language, programmer 301 must input a first set of declarations 
10 1201 . the purpose of which is to indicate to the C++ compiler 103 which will 
be used at step 606, which C++ header file to link the following declarations 

m with. Consequently, the DDL compiler-generated C++ header files 902, 904 f 

O 

Ijj 906 and 908 are included for this purpose. 

1st 

\l) is [0067] The next set of instructions 1202 implemented by programmer 

301 declares the user-defined class 'GeoObjecf 1001 and refers to the DDL 
i j-f compiler-generated C++ class DOCLASS(GeoObject) 901. After the 

1 £H declaration of class 1001 and its inheritance class, the programmer can 

subsequently implement variables necessary for the CPU 401 to process 
20 said object locally. In the example, programmer 301 may input ASCII 
characters outlining the fact that an object is three dimensional, therefore has 
X. Y, Z attributes. The following set of declarations 1203 declares a user- 
defined class 'Cube' 1002 which is shown to Inherit from the DDL compiler 
generated C++ class DOCLASS(Cube) 903. As previously described, upon 
25 establishing said user-defined class 'Cube', the programmer 301 can then 
implement attributes and methods pertinent to the class declared and, in the 
example, programmer 301 may implement instructions which enable a 
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program user to resize the three-dimensional cube. 

[0068] Eventually, all DDL compiler-generated C++ classes DOCLASS 
are declared in the user-defined classes 206 and DDL compiler-generated 
5 C++ classes DATASET can be implemented next. Accordingly, a set of 
declarations 1204 is inputted which declares a user-defined C++ class 
'Position* 1003 which inherits from the DDL compiler-generated C++ class 
DATASET(Position) 905. Upon completing the first declaration string, 
programmer 301 is subsequently able to implement methods pertaining to 
10 the reading of the user-input, i.e. translate key strokes or mouse movements 
W into X. Y, Z co-ordinates with which to amend the position of the three- 

iU dimensional cube. 

□ 

;lt [0069] As user classes and the related methods have now been 



a 



■EST 



* 15 declared in a C++ source file, the last C++ source files to be created by 

programmer 301 are the application instructions 102, an example of the 
strings of ASCII characters of which is illustrated in Figure 13. 



L: i 



Q 

C, Figure 13 



20 [0070] Until the step wherein programmer 301 implements application 
instructions 102, all of the previous Implementations relate to the definition 
and declaration of objects pertinent to the purpose of the application as a 
complete set of executable instructions, their role and behaviour within the 
application and their interdependences between one another. Eventually, the 

25 CPU 401 of the user terminal which will run the executable instructions set 
must be instructed about the preferred method of instantiating said objects in 
the main memory of said user terminal and subsequently manage the 
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interaction between the terminal user and the object instantiated. 
Consequently, a set of declarations 1301 is implemented by program 301 
which, when later compiled by C++ compiler 103, linked by linker 104 and 
generated as an executable instructions set 208 and processed by the CPU 
5 401 of a user terminal, will instruct said CPU that the declarations following 
the set of declarations 1301 constitute the first program step to be processed. 

[0071] According to the invention, the first program step to be preferably 
processed by the CPU 401 of a networked connected user terminal is to 
instantiate a 'GeoObject' duplicated object and, particularly, a 'Cube 1 
duplicated object in the main memory of said network-connected user 
terminal. It was previously explained that a 'Cube' duplicated object inherits 
from a 'GeoObject* duplicated object and that said 'GeoObject' duplicated 
object has no displayable properties, as it js an abstract template for a 
specific instance thereof, such as a Cube in the example, and its distribution 
embodies mostly the distribution of the shared datasets of the particular class 
of object to which said Cube belongs, i.e. positional variables and their local 
and remote update, in order for the user of a networked terminal to see and 
interact with an instantiation of the 'GeoObject* duplicated object, the 'Cube' 
duplicated object is therefore implemented by programmer 301 as a second 
set of declarations 1302. 

[0072] Said second set of declarations 1302 includes a first subset 1303 
of declarations, the purpose of which is to instantiate a 'Cube 1 duplicated 
25 object in the main memory and a last subset 1304 of declarations, the 
purpose of which is to publish the 'Cube' duplicated object instantiation over 
the network, i.e. to distribute it to other remote user terminals running the 
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same executable instruction set. According to the invention, dataset dasses 
do not need to be directly instantiated by means of the above method 1302 
to 1304 as they are implemented as member variables by the Data Definition 
Language-generated instructions. 

5 

[0073J Upon completing the inputting of strings of ASCII characters 
required for the completion of the generation of application instructions 102, 
programmer 301 subsequently submits all of the C++ source files generated 
at this stage, which include: the DDL compiler- generated C++ source files for 
10 duplicated object classes 204 and for dataset classes 205, C++ source files 
□ generated as user classes 206 and C++ source files generated as application 

tn instructions 102 to C++ compiler 103. It should be observed that the C++ 

*n programming language used in the Description is for the purpose of example 

h\i only, and that the flexibility of the Data Definition Language according to the 

CsJ 

%l) 15 invention allows for the generation by DDL compiler 103 of source files in a 

p variety of other object-oriented programming languages known to those 

skilled in the art, such that they could interact with one another. 



i'J 



m 

Cli 



5 



[0074] An object file is generated by C++ compiler 103 which includes 
20 all of the declarations contained in all of the above C++ source files. C++ 
functions declared within the source files pertaining to user classes 206 and 
application instructions 102 are linked to C++ library 105 by means of linker 
104 according to the prior art and C++ functions declared within the C++ 
duplicated object classes 204 and C++ dataset classes 205 are also linked 
25 by means of linker 1 04 to DDL library 207 according to the invention, 



i 
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[0075] Upon completing the compilation step 606 and its inherent linking 
operation which eventually generates executable code at step 607. an 
executable instruction set 208 is obtained which, to the contrary to the prior 
art known to those skilled in the art. can now be tested not only locally but 
5 also remotely within a network environment at step 608. In the example, said 
executable instruction set 208 is called 'Cube Application', and the fist 
release available for testing traditionally does not include networking 
functionality. According to the prior art, only a more advanced version of 
'Cube Application', which includes networking functionality, would usually be 
10 made available for terminal users to test over networks such as the Internet, 
as the said version without networking functionality would first be extensively 
in processed locally to check that the Instructions are satisfactorily processed 

a 

;jl by a standalone user terminal, and networking instructions 107 would only 

h :f then be implemented. 

Q 

\il 15 



i 



[0076] A representation of the 'Cube Application* Graphical User 
Interface (GUI) of the 'Cube Application' executable instruction set 208 is 
shown in Figure 14. 

20 Figure 14 

[0077] The video display unit 308 of programming computer system 302 
is shown and displays the graphical user interface 701 of the operating 
system 501 as stored in the main memory of said programming computer 
system 302. As the cube application 208 is generated and also stored in said 
25 main memory 404, programmer 301 instructs CPU 401 to execute the 
instructions set 208 at step 608, wherein the GUI 1401 of cube application 
208 is displayed on VDU 308. Subsequently to the instantiation of said GUI 



16.ftftR.2001 18:13 fiTKINSON BURRING TON NO. 467 P. 30^59 



28 

1401, CPU 401 sequentially xecutes declarations 1301 and 1302, wherein a 
duplicated object 'Cube' is instantiated in main memory 404, equipped with 
member variables and member functions. With reference to the principle of 
inheritance explained thereabove, said duplicated object 'Cube' inherits from 
5 the duplicated object 'GeoObjectf and is therefore instantiated as a three- 
dimensional object equipped with a three-dimensional position and, as the 
class of said duplicated object 'Cube* declares a 'CubeData' dataset which 
specifies a texture variable, said duplicated object 'Cube 1 can therefore be 
rendered with said texture and subsequently displayed as a cube model 1402 
10 within the GUI 1401 of cube animation 208. Whereas the execution of the 
9 version without networking functionality of Cube Application 208 to this point, 

CO according to the prior art, would establish that said Cube Application 208 can 

f "j ■ " 

be processed locally in a stable manner, and whereas networking instructions 



an 

u 

U) 15 prior art, the initial version of the Cube Application 208 generated according 



a 

a 
w 



□ 



25 



107, 108 and 109 would only be implemented at this stage according to said 



to the invention can be directly tested at step 608 over networks as the 
networking instructions are already embedded within the objects. 
Consequently, said initial version (s distributed to network-connected 
terminals by means of Zip disk 307, CD RAM 305 or as a download over a 
20 network such as the Internet 312. When another networked terminal 
eventually runs Cube Application 208 on said network, CPU 401 executes 
the next declaration 1303, wherein said duplicated object 'Cube' is published 
to said other terminal and the cube model 1402 is rendered as a second 
cube model within the GUI of the remote Cube Application 208. 



[0078] A network environment is shown in Figure 1 5, which includes 
user terminals and a mobile device sharing data over said network 
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environment In order to test the 'Cube Application*. 
Figure 15 

[0079] User terminal 1501 is connected to the Internet 1502 via 
Internet service provider (ISP) 1503 and user terminal 1504 is also 
connected to the Internet 1502 via internet service provider (ISP) 1505. 
Internet-enabled mobile device 1506, which is a Palmtop PC, is connected 
wirelessly to the Internet via internet service provider (ISP) 1507. Each of 
said ISPs 1503, 1505 and 1507 provide each individual user with a unique 
network address, e-mail account and other optional internet facilities such 
as are commonly provided to a user with an ISP account. Thus, there is 
provided the scope for any which one of the above user terminals to access 
data stored on any which one of the other networked terminals. 

[0080] In a preferred embodiment of the present invention, the user 
terminals sharing data such as shown in Figum 15 can include many types 
of devices equipped with processing and displaying means, the respective 
configurations of which can vary to a fairly large extent and may thus 
constitute as many independent platforms for which to implement platform- 
specific user classes, such as user classes 206, and application instructions, 
such as application instructions 102. 

[0081] In the example, user terminals 1501 and 1504 are Personal 
Computer with a hardware structure similar to programming computer 
25 system 302. and palmtop personal computer 1506 is shown equipped with 
an antenna 1508 through which incoming and outgoing wireless signals are 
transmitted and, according to the known art, palmtop PC 1506 is equipped 
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with a processing capability and memory means. Output data is displayed 
on a tactile visual display unit 1509 and manual input is received via a 
number of function-specific keys 1510 and a stylus 1511, which activates 
instructions displayed on display 1509 by means of its tactjlity. 
5 Consequently, although palmtop PC is configured to process processor 
instructions in a manner similar to terminals 1501 and 1504, its operating 
system Is different by design and thus constitutes a separate platform. For 
the purpose of clarity in the example, the Cube Application 208 is generated 
for processing by both personal computers 1501, 1504 and palmtop PC 
10 1506, by means which will be familiar to those skilled in the art 

O 

CO [0082] Upon user terminals 1501, 1504 and 1506 accessing the initial 

D 

version of Cube Application 208 by means of an external medium or by 
means of a network download, each of said terminals loads the Cube 
.15 Application into its respective main memory, a representation of which is 



m 



shown in Figure 16. 
Figure 16 

[0083] A main memory 1601 is graphically illustrated which represents 
20 each of the respective main memories of user terminals 1501, 1504 and 
1506. An operating system 1602 is shown which, in the case of user 
terminals 1501 and 1504 is for Instance Microsoft Windows 2000. In the case 
of user terminal 1506, which is a palmtop PC, said operating system 1602 is 
for instance Microsoft Windows CE. Main memory 1601 also includes a 
25 browser 1603 which is capable of processing HTML (Hypertext Mark-Up 
Language) or JAVA instructions embedded within web pages accessed on 
the Internet 1502. Main memory 1601 includes the initial version of cube 
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application 20B which, as previously explained, was loaded from zip disk 307, 
CD RAM 305 or downloaded from the Internet 1502. Main memory 1601 
eventually includes duplicated objects 1604 which, in the example, are a 
'GeoObject' duplicated object and a 'Cube* duplicated object, upon the 
5 respective CPU of each user terminal 1501, 1504 and 1506 processing the 
instructions set contained within said initial version 208. 



[0084] User terminals 1501, 1504 and 1506 are now configured to 
process the Cube Application 208 and share their respective Cube objects, 
10 which is the purpose of the code implemented by programmer 301. The 
representations of the 'Cube Application' GUI of each of said user terminals 
til - are shown in Figure 1 7 as the 'Cube Application 1 executable instruction set Is 



tested over a network according to the invention. 



tfi 15 Figure 17 

□ [0085] It was previously explained that, upon instructing the CPU to 

process the executable instructions set 208, said CPU instantiates a GUI 
CH 1401 of the cube application 208, a non-displayable duplicated object 

il 'GeoObject' and a displayable duplicated object 'Cube' which is three- 

20 dimensional, has a three-dimensional position and is equipped with a texture. 
Consequently, upon the CPU of user terminal 1501 processing the cube 
application 208 stored in its main memory, the VDU 1701 of said user 
terminal 1501 displays a GUI 1401 of the cube application 208 and a 
duplicated object 'Cube' 1702 equipped with a texture, with said texture 
25 possibly being chosen by the user of terminal 1 501 , 
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[0086] Similarly, the VDU 1703 of user terminal 1504 displays a GUI 
1401 of the cube application 208 and a duplicated object 'Cube' 1704 
equipped with a texture, with said texture possibly being chosen by the user 
of terminal 1504 and different to the texture chosen by the user of terminal 
5 1501. 



[0087] Similarly, the VDU 1705 of user terminal 1506 displays a GUI 
1401 of the cube application 208 and a duplicated object 'Cube' 1706 
equipped with a texture, with said texture possibly being chosen by the user 
10 of terminal 1506 and different to the textures respectively chosen by the 



users of terminals 1501 and 1504. 

m 



[0088] As the duplicated object 'GeoObject' and the duplicated object 
'Cube* were implemented as sets of declarations 1302 and 1305 



Q 

\l) 15 respectively, which included the respective subsets 1304 and 1307 for the 

p purpose of publishing said instantiations of duplicated objects over the 

~r~ network to every networked user terminal which executes the same 

CH executable instructions set 208, the duplicated object 'Cube' 1702 is 

l 3 : published at remote user terminals 1504 and 1506 t where it is stored as a 

20 duplicated object 1604 in the main memory 1601, is then processed by the 
CPU according to the local Cube application 208 and then displayed in the 
respective GUI 1401 of said remote user terminals. Consequently, it is 
possible for the user of network terminal 1501 to observe his local duplicated 
object 'Cube' 1702, which is a duplicate master, and the remote duplicated 
25 objects 1704 and 1706, which are duplicas, instantiated by the Cube 
applications 208 respectively processed by networked terminals 1504 and 
1506. If the user of network terminal 1501 modifies the three-dimensional co- 
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ordinates of the cube 1702 or its texture, then th duplicas stored and 
displayed at network terminals 1504 and 1506 will be accordingly updated by 
means of the dupljcability of cube 1702 datasets, and reciprocally for cubes 
1704 and 1706 of networked terminals 1504 and 1506 respectively. 

5 

[0089] Therefore, the present invention provides a programming 
language defined as the Data Definition Language, which enables 
programmers of networked applications to describe shared applications' 
objects and data structures at the onset of an application development 
10 process. As the functionality of said Data Definition Language embeds 
I networking instructions into said objects and structures, the validity of 

aj programmer-implemented application instructions and user-defined classes 

of said application can be tested over a network much more easily, rapidly 
and thus economically than according to the prior art. Finally, as the object 
u? 15 classes generated from said Data Definition Language already include all the 

p shared member functions and member variables, and can be generated by 

W means of the DDL compiler in a generic format compatible with most object- 

m oriented languages, a programmer need only input declarations pertaining to 

■est 
! ! 

said shared objects once, regardless of the number of independent platforms 
20 an application will be released onto and which would each require a new set 
of said declarations pertaining to said shared objects according to the prior 
art. 
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